A retrospective study of 256 cases of naturally acquired Streptococcus suis infections in swine submitted to the Indiana Animal Disease Diagnostic Laboratory from 1985 to 1989 was performed to determine the epidemiologic factors and antibiotic susceptibility patterns associated with S. suis serotypes 1-8 and 1/2. A standardized computer form was used to record the history, signalment, and clinical signs obtained from the records of selected cases and the microscopic lesions identified after review of the histopathology slides for each case. A computer statistics package (SAP) was used to evaluate the data. Although the number of recovered S. suis isolates increased in the fall and winter months, most serotypes were readily isolated throughout the year; only serotypes 1, 4, 7, and 1/2 increased in frequency of isolation in the fall, winter, and spring months. The majority (6 1.1%) of infected pigs in this study were < 12 weeks of age. More than 75% of pigs infected with serotypes 1, 6, 7, and 1/2 were < 12 weeks of age. There was extensive overlap in the age distributions for pigs with each serotype, and statistically significant differences for most serotypes were not observed. Fifty percent of pigs infected with S. suis serotypes 1 and 1/2 were 3-10 weeks of age, 50% of pigs infected with serotype 2 were 6-14 weeks of age, and 50% of pigs infected with serotypes 3, 4, 5, 7, and 8 were 2-16 weeks of age. Isolates of S. suis were not uniformly susceptible to penicillin, and a large percentage of isolates were resistant to many antibiotics in common usage. The results of this study indicated that the various serotypes of S. suis could not be readily separated based on antibiograms, epidemiologic factors (herd size, breed, etc.), or geographic location.
Streptococcus suis is a significant pathogen of human as extensively studied, and there are few published beings and swine that was first isolated during disease reports concerning the epidemiologic factors, clinical outbreaks in swine in the early 1950s in Europe. 5, 13 In signs, and gross or microscopic lesions associated with the last 20 years, reports of clinical disease associated these serotypes in naturally infected swine. The goals with S. suis infection have markedly increased. The of this study were to describe the epidemiology and organism has been recovered from swine, other animal pathology of S. suis serotypes 1-8 and 1/2. species, and human beings in various countries throughout the world. 7, 10, 12, 15, 19 To date, at least 28 different serotypes of S. suis have been identified, 8 although many laboratories routinely screen only for serotypes 1-8 and 1/2. (Isolates of S. suis serotype 1/2 contain capsular antigens common to both serotype 1 and serotype 2 and therefore will react with antibody to both serotype 1 and serotype 2 in coagglutination and other tests).
Streptococcus suis serotypes 1 and 2 are the most completely characterized, and in the USA they are primarily associated with meningitis in neonatal pigs and suppurative bronchopneumonia in pigs 3-12 weeks of age. 4,20 Serotypes 3-8 and 1/2 of S. suis have not been
Materials and methods
Identification of S. suis isolates. Specimens submitted from diseased swine were cultured on 5% ovine blood agar plates at 37 C in 5% CO 2 for 24-48 hr. Colonies of catalase-negative gram-positive cocci exhibiting α or α' hemolysis were subinoculated onto 5% ovine blood agar plates and incubated for 24 hr in 5% CO 2 at 37 C. Resulting bacterial isolates were then serotyped using the coagglutination test. Reference strains of capsular serotypes 1-8 and 1/2 a (reference strain numbers A228, D930, 4961, 6467, 4638, 2524, 8074, 14636, and 2851, respectively) were used as described previously to prepare the antibody b used for the coagglutination test. 1 The coagglutination test used was similar to that described previously, 1 but the inactivation step was decreased from an overnight incubation to a 30-min incubation. Briefly, suspect each of the 8 antisera on a ringed glass plate and rocked Received for publication August 21, 1992. manually for 1-2 min. Agglutination was detected with a bright lamp against a black background. Suspect isolates were identified by rapid (5-15 sec) agglutination in the presence of antibody. Isolates exhibiting agglutination with antibody prepared against reference strains of capsular serotype 1 and 2 or with the reference strain of 1/2 were designated 1/2. Antimicrobial susceptibility. During the 4-yr study period, antibiotic susceptibilities were determined by tube and microbroth dilution, using automated systems. c,d,e Samples were prepared and processed following the manufacturer's guidelines using commercially prepared reagents for each system. Antibiotic susceptibilities were reported as susceptible, intermediately susceptible, moderately susceptible, or resistant using minimum inhibitory concentration guidelines 16,17 for each category. The following bacterial strains were used for quality control of the antibiograms: Escherichia coli, 25922; Pseudomonas aeruginosa, 27853; Streptococcus faecalis, 29212; Staphylococcus aureus, 29213.
Case selection. The preliminary study group composed of 955 accessions contained all porcine accessions submitted to the Indiana Animal Disease Diagnostic Laboratory from November 1, 1985 to December 31, 1989 in which S. suis was isolated and identified as described above. The final study group was limited to 256 (26.8%) accessions that met the following criteria: 1) tissues had been collected for microscopic examination, 2) all laboratory results and histopathology slides were individually labelled, 3) only 1 pig in the accession was infected with S. suis, and 4) only 1 serotype of S. suis was isolated from the infected pig.
Data collection and entry. A computer data form was used to enter information obtained from each case record concerning age and breed of the infected pigs, other epidemiologic factors, antibiograms, and gross and microscopic lesions. Data collected in this manner was then transferred to SAS ® f for descriptive statistics and other analyses.
This paper is limited to discussion of the distribution of serotypes of S. suis in naturally infected swine and the associated epidemiologic factors and antibiotic susceptibilities. The clinical signs and gross and microscopic lesions observed in these swine and the frequency of isolation of other pathogens will be reported separately.
Statistical analysis. Duncan's multiple range test 21 (α = 0.05) was used to evaluate differences in pig age between the serotypes after deletion of values greater than the mean ± 2.75 SDS, square-root transformation of the age, and confirmation of the homogeneity of the variances for each serotype (Bartlett's test). 22 Principal analysis (Pearson's correlation coefficient, under the null hypothesis) was used to determine the association of various epidemiologic factors with serotype. The distribution of the isolates in the preliminary study group was compared with the final study group by the chisquare test.
Results
Distribution of isolates. The relative frequency of isolates of each serotype included in the study is shown in Fig. 1 . This distribution did not differ significantly (x 2 = 5.4, df = 9, P = 0.80) from that of the total 955 isolates in the preliminary group (data not shown).
The county of origin was known for 237 (92.6%) of 256 submissions. Streptococcus suis was isolated from swine submissions from 57 (62.0%) of 92 counties in Indiana and from submissions from Illinois (7) and Missouri (1) . Indiana isolates were most often (69.9%) from counties with a swine population of ≥ 50,000 head. Submissions were made by 100 different referring practitioners. Accessions were submitted from a total of 240 different farms. Two hundred twenty-five (93.8%) of the farms had a single submission during the 4-year period, whereas multiple submissions (2-4 per farm) were submitted by the remaining 15 farms.
Antibiograms. Antibiograms were recorded for 236 (92.2%) of the 256 isolates. The most frequently tested antibiotics are listed in Table 1 . The percentage of isolates susceptible to various antibiotics was extremely variable among the serotypes.
Season. The seasonal isolation rate for the S. suis isolates in the study was similar to that of the preliminary group (data not shown), with the lowest recovery rates in the months of July, August, and September (5.9%, 5.1%, and 4.3%, respectively) and the highest recovery rates in the fall and winter months (Fig. 2) . Only serotypes 1, 4, 7, and 1/2 had similar decrease in isolation rate in the summer months (data not shown). Other serotypes failed to demonstrate a seasonal pattern. Serotype 2 had a constant monthly recovery rate throughout the calendar year, ranging from 7.7% to 10.8%.
Age. The majority (61.1%) of affected pigs in this study were < 12 weeks of age. More than 75% of all pigs infected with serotypes 1, 6, 7, and 1/2 were < 12 weeks of age. The mean ages of the affected pigs are listed in Table 2 . The pig age distributions for each serotype are shown in Fig. 3 .
The mean age of pigs infected with serotype 6 was significantly lower (Duncan's new multiple range test, a = 0.05) than that of pigs infected with other serotypes, whereas the mean age of pigs infected with serotype 2 was significantly greater (α = 0.05) than that of pigs infected with serotypes 1, 1/2, 5, 6, and 7. There was extensive overlap in mean age of pigs infected with serotypes 3, 8, 4, 5, 7, and 1/2, and no statistically significant differences in mean age of pigs infected with these serotypes were observed.
Breed. Two hundred sixteen (94.3%) of the 229 pigs in which the breed had been noted were crossbred pigs. There were 5 Duroc and 4 Yorkshire pigs.
Herd size, group size, number affected, and number dead. Pigs submitted came from herds ranging in size from 14 to 15,000 pigs. Herd size was weakly correlated with the size of the clinically affected group (r 2 = 0.28, P < 0.01) and with the number of ill pigs (r 2 = 0.41, P < 0.01); larger herds had larger groups of affected pigs and more total pigs affected. Serotype was not correlated with herd or group size, with the total number of pigs affected, or with the number of dead pigs per affected farm.
Discussion
The frequency distribution, by serotype, of the 256 isolates of S. suis included in the final study group did not differ significantly from that of the preliminary group of 955 isolates. Therefore the distribution of the isolates in the final study group was considered representative of the isolates recovered from diseased swine at the Indiana Animal Disease Diagnostic Laboratory. As in other studies, S. suis serotype 2 was isolated more frequently than any other serotype. 6, 11, 23 Marked variability in the frequency distribution of serotypes is common among laboratories within the same country and among countries. This variability most likely reflects a real difference in geographical distribution. However, misidentification of serotypes, cross-reactivity among the various serotypes, and variation in the quality and source of the antibodies used for capsular serotyping 4, 18 probably contribute to this variability.
Throughout the 4-year study period, the antibiotic panels used by the laboratory for aerobic swine bacterial isolates were changed frequently to reflect changes in federal regulations, field usage, etc. In the past, S. suis was reported to be uniformly susceptible to penicillin 9, 20, 23 However, as in a recent study, 2 many of the isolates in this study were resistant to penicillin and other antibiotics in common usage, such as tetracycline. As the prevalence of infection with S. suis and the number of herds with enzootic infections increases, the continual use of various antibiotics may lead to selection of resistant strains of S. suis.
Previous investigations 11, 20 found different patterns of seasonal fluctuations for S. suis infection. The results of this study indicate that seasonal influence is negligible, with only a mild increase in the number of isolates recovered during the fall, winter, and early spring months for some serotypes.
The age distribution for pigs infected with S. suis serotypes 1 and 2 have been reported previously. In general, serotype 1 affects pigs 2-10 weeks of age, 14, 24 and serotype 2 affects pigs 3-12 weeks of age but has been recovered from growing pigs of all ages. 3, 24 Our results agree with those of these previous reports.
The majority of samples obtained were collected from crossbred swine because of the large number of commercial feeder pig and finishing operations in Indiana. Because of the small number of purebred pigs examined, no conclusion could be drawn regarding breed disposition.
There was a wide range in herd size for the study pigs. In general, larger swine herds had larger groups of affected pigs with a greater number of clinically ill or dead pigs per affected group. This finding may reflect the widespread use of large confinement operations in Indiana. Such large groups may promote exposure of susceptible swine to healthy carrier animals infected with S. suis. 3, 19, 24 Use of intensive confinement systems has been previously associated with increased rates of infection with S. suis in swine. 3 The various serotypes of S. suis examined could not be readily separated from one another based on frequency of isolation, antibiograms, or epidemiologic factors. Serotypes 1-8 and 1/2 were isolated from diseased swine throughout the state of Indiana. No obvious geographic distribution pattern of isolates was evident, and S. suis was recovered throughout the year for most serotypes, with only a few serotypes showing an increased rate of isolation in the fall, winter, and spring. Isolates of S. suis in this study were resistant to penicillin and other commonly used antibiotics.
The only epidemiologic factor that differed significantly among the various serotypes was age of affected pigs. In general, most swine infected with S. suis were < 12 weeks of age, but sporadic cases in older pigs, including adults, were observed. In this study, S. suis serotypes 1 and 1/2 affected pigs 3-10 weeks of age, serotype 2 affected pigs 6-14 weeks of age, and serotypes 3-5, 7, and 8 affected pigs 2-16 weeks of age.
